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Abstract 
The main aim of the study was to develop amultimetric assessment system for macroinverte- 
brate communities ofsmall and mid-sized streams in Germany in accordance with the Water 
Framework Directive of the European Union. The system should be applicable by water au- 
thorities, capable of distinguishing between different impacts, and specifically adapted to all 
types of small and mid-sized rivers in Germany. An assessment system has been developed 
consisting of two modules based on the established indices for saprobic degradation and 
acidity, and a third module covering eneral degradation. For the third module a new multi- 
metric index (MMI) was developed and tested using preclassifications forstream hydromor- 
phological degradation, land use and general impairment as impact measures. More informa- 
tion on sampling method, season and the type of dominating human impairment allowed to 
further analyse the index' capabilities and sensitivity. It performed well in all seasons and de- 
tected all types of impairment except acidity. The usefulness of the impact measures used in 
this study is discussed with regard to the development of a multimetric ndex. The compari- 
son of the new index with other indices showed that it is especially sensitive in detecting 
macroinvertebrate community responses to hydromorphological degradation and pollution 
such as the German AQEM index, while IB! 12 and Renkonen's similarity more reflect gen- 
eral community shifts caused by any type of disturbance. The new assessment system will be 
proposed for future use by state agencies for nationwide monitoring in the context of the 
Water Framework Directive implementation. 
Key words: Benthic invertebrates - tream assessment - Germany - land use - hydromor- 
phology - metrics - multimetric ndex (MMI) 
*Corresponding author: JOrgen BGhmer, Bioforum GmbH, Sudetenstr. 34, D-73230 Kirchheim/Teck, Germany; phone: ++49 7021 571210; 
fax: ++49 7021 571209; e-mail: boehmer@uni-hochheim.de 
0075-9511/04/34/04-416 $ 30.00/0 Limnologica (2004) 34,416-432 
1. Introduction 
In Germany benthic invertebrates have commonly been 
used to assess organic pollution of streams. In acidifica- 
tion prone regions they have also been used to assess 
acidity. However, these are no longer the main impair- 
ments of streams in Germany or wide regions of Central 
Europe. With different impairments shifting into focus 
and the demands of the Water Framework Directive 
(WFD, European Commission 2000), attempts have 
been made to assess the impact of hydromorphological 
degradation on the macroinvertebrate fauna with specif- 
ic indices (LORENZ et al. 2004a) and to evaluate impacts 
more generally by analysing either the presence or ab- 
sence of typical and sensitive species (B~ss et al. 2002) 
or by applying the concept of biotic integrity as reflected 
by biological attributes (BOHMER et al. 2004). Compara- 
ble approaches have recently been developed in other 
European countries, where rivers are prone to the same 
types of degradation (The Netherlands: VLEK et al. 
2004; Austria: OFENB0CK et al. 2004; Czech Republic: 
BRAB~C et al. 2004; Denmark: SKRIVER et al. 2000). 
Although several approaches are available for assess- 
ing German rivers, none of these studies covered all offi- 
cially defined river types of Germany (POTT~IESSER & 
SOMMERHXUSER 2004), and they used expert judgement 
of chemical and physical degradation i stead of more 
objective measures. 
The main goal of this study was to develop a multi- 
metric index as an assessment system for small and mid- 
sized streams in Germany. For large rivers, with their 
specific characteristics, a special assessment index was 
developed in a parallel study (HAYBACH et al. 2004). 
The new system should 
a) comply with the requirements of the European Water 
Framework Directive, 
b) be applicable by the German water authorities for 
monitoring purposes, 
c) distinguish between the impact of organic pollution, 
acidity, and general degradation including impair- 
ments of stream morphology, 
d) be based on impact measures for stream morphology 
and water quality, 
e) cover all river types and all regions of Germany, and 
f) incorporate the concept of river typology. 
In addition to fulfilling these criteria defined by ap- 
plied water management, the method should be scientifi- 
cally sound. 
HER~NC et al. (2004b) present the first steps of devel- 
oping this system, particularly the generation of a uni- 
form database and the selection of potential core met- 
tics. Our study presents the framework of the new as- 
sessment system and describes the development of a 
multimetric index that forms the major part of the new 
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assessment system and uses the metrics elected by H~R- 
ING et al. (2004b). The new systems' performance is
analysed in relation to different impact data, season and 
sampling method as well as in comparison to other in- 
dices. 
2. Conceptual framework of the new 
assessment system 
Systems to assess the impact of organic pollution and 
acidity with benthic invertebrates are well established in
Germany. These were included into the conceptual 
framework of the assessment system we aimed to devel- 
op, since (1) they provide information on the types of 
stressors present at a site, (2) the resulting assessment 
system may have more acceptance among water man- 
agers, because they can easily compare the results of the 
new system to the saprobic index and the acidity index 
they are used too, and (3) previous goals of water man- 
agement (reduction of pollution and acidification) are 
incorporated into the new system. Thus the new system 
may be seen as an extension of the previous biological 
assessment additionally covering other types of impair- 
ment with emphasis on the effects of stream morphology 
degradation, which is a widespread problem in densely 
populated Germany, neighbouring countries in Central 
Europe and in other parts of the world (RoY et al. 2003). 
For these reasons the assessment system was set up to 
include three modules: 1. organic pollution, 2. acidifica- 
tion and, 3. general degradation, including all types of 
impairment like stream morphology degradation, in- 
creased sediment loads, etc. The first two modules are 
represented by the saprobic index in the stream type- 
specific version (ROLAUFFS et al. 2003) and the acidifi- 
cation index (BRAUKMANN & BISS 2004), while the mod- 
ule "general degradation" should follow the principles 
of a multimetric index as outlined by KARR & CHU 
(1999). Metrics in module 3 reflecting or responding 
mainly to organic pollution or acidity were excluded to 
avoid redundancy with the first two modules. 
The result of each of these three modules hould be 
given in a quality class from "high" to "bad" in accor- 
dance with the five status classes of the Water Frame- 
work Directive (European Commission 2000). The final 
ecological status class of the assessment system is de- 
limited by the "worst case" result of the three modules 
3. Material and Methods 
For the module "general degradation" of the assessment 
system outlined in the previous chapter the development 
of a multimetrlc index (MMI) was performed in five 
major steps: 1. collection of benthic invertebrate data, 2. 
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recording of additional environmental data, 3. metric se- 
lection, 4. testing of MMI alternatives and 5. analysis of 
MMI performance in comparison to other multimetric 
indices. The first three steps are described by HE~INO et 
al. (2004b). Based on their results this paper focuses on 
steps 4 and 5. 
The following paragraphs give an overview on the 
methodological aspects of steps 1,2 and 3, focussing on 
aspects of relevance to the analysis presented here. Steps 
4 and 5 are described in more detail. 
3.1 Collection of benthic invertebrate data 
All sample related ata were collected from various in- 
stitutions (regional environment agencies, universities, 
research institutions) and incorporated into an Access 
database. 
Altogether 5,441 macroinvertebrate samples (2,490 
sites), about 85% of which had been taken following to 
the standard DIN 38410 part 2 protocol (DEV 1992), 
were collated. This is a semi-quantitative multihabitat 
sampling procedure using abundance estimates classi- 
fied into seven abundance classes. In one third of these 
"DIN" samples, the number of individuals had been esti- 
mated, too. The remaining 15% of the samples had ei- 
ther been taken following the multi-habitat-sampling 
AQEM-method (AQEM consortium 2002), and, thus, 
counted number of individuals were available (7%), or 
were quantitatively sampled with Surber samplers (8%). 
To minimize the heterogeneity of the taxa identifica- 
tion levels, the data were filtered with an "operational 
taxa list" describing the level of identification usually 
achievable for an experienced limnologist in Germany 
(HAASE & SUNDERMAN~ 2004). In most cases, this was 
species level, but species group or genus level was used 
for those genera that are difficult o identify or presently 
not determinable in the larval stage (e.g. Rhithrogena, 
Isoperla). Genus/family was used for some Diptera 
groups following HAASE & SUNDERMANN (2004). Taxa 
identified to a more precise level were changed to the 
level given in the "operational taxa list". 
3.2 Recording of additional environmental data 
Additional background ata were recorded by the au- 
thors in a uniform way for each sampling site. These in- 
cluded stream type, land use within the catchments and 
information on hydromorphology. 
• Stream types 
"Stream types" according to POTTGIESSER ~ SOMMER- 
I4AUSER (2004) were assigned to all sampling sites using 
the geographic coordinates and a digital map of German 
stream types (Umweltbtiro Essen 2003). The typological 
background is based on an "a-priori" system using 
ecoregion, catchment area, and catchment geology and 
has been tested for its relevance to benthic invertebrate 
communities by LORENZ et al. (2004b). 
This study covers 18 of the 24 German stream types 
(see Table 2). Two of the other types are covered by 
HAYBACH et al. (2004). The remaining four types 
presently lack sufficient data and will be subject of fur- 
ther study within 2004. 
• Abiotie impact data 
It is not possible to find a single measure for human im- 
pacts on streams (KARR & CHU 1999). However, several 
measures can be used to reflect certain aspects of human 
impact. We used CORINE land cover data (Statistisches 
Bundesamt 1997) to represent land use intensity and im- 
pacts. Catchment boundaries were manually outlined in 
a geographic information system (ArcView), which 
computed the areas for each land use type. Those areas 
were summed up into five groups: urban areas, arable 
land, pasture, forest, and other types. A land use index 
was created, considering all percentages of pastures, 
arable land and urban zones, which are assumed to im- 
pact benthic invertebrate composition: compared to pas- 
tures, the influence of arable land was supposed to be 
about wofold and of urban zones about fourfold. This 
resulted in a land use index with the formula: 
Land use index = percent pastures +2* percent arable 
land + 4* percent urban zones. 
Hydromorphological p rameters were available for a 
part of the sites, resulting from the German "Struk- 
turgtitekartiemng" (stream habitat survey, LAWA 2001). 
This survey shows the hydromorphological quality of 
100 m stream stretches using 25 single parameters, 
which are grouped into six main parameter categories. 
From this dataset, we selected ten to eleven single pa- 
rameters for each 100 m stretch, in which biological 
samples had been taken. The selection covers parame- 
ters of theoretical relevance for the in-stream fauna 
(HERING et al. 2004b). According to the verbal index 
classification system in LAWA (2001), each classifica- 
tion result of a single parameter is scored with an index 
value from 1 (not altered) to 7 (totally altered). Mean 
scores of parameters belonging to a parameter group 
were then calculated separately from all parameter 
groups, resulting in a hydromorphological index of a 
site. The hydromorphological status was derived from 
the classified index value and covers five classes named 
in accordance with the WFD: high <= 2.5 < good <= 3.5 
< moderate <= 4.5 < poor <= 5.5 < bad. 
As an integrative measure for all impact information 
available (e.g. descriptions of local impacts, water 
chemistry data or information on sewage treatment 
plants) we additionally used an expert judgement classi- 
fication. This impact preclassification was scored in val- 
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ues from 1 (high status) to 5 (bad status), corresponding 
to the "ecological quality classes" required by the WFD. 
For more than half of the samples the main impact could 
additionally be assigned to one out of nine types: "acidi- 
ty", "agriculture", chemical impacts" (from non-agri- 
cultural areas), "fish hatchery", impoundment", "mor- 
phological impacts" (stream morphology degradation 
without impoundment), "residual flow", "sewage" 
(treated or untreated) and "other". For more details see 
BOHMER et al. (2004). 
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3.3 Metric calculation and selection 
For organic pollution and for acidification two well es- 
tablished indices in Germany (BRAUKMANN & BISS 
2004; ROLAU~S et al. 2003) were calculated as assess- 
ment modules land 2. 
For the construction of the module "general degrada- 
tion" further metrics had to be chosen. Using a filtered 
subset of 3000 samples, an extensive list of more than 
300 attributes used in the preceding projects (B6HMER et 
Table 1. Potential core metrics for the module "general degradation" for the German river assessment system with benthic invertebrates. For 
selection procedure and more details see HERING et al. (2004b). 
(abd): Metric calculated with abundance classes; (ind): metric calculated with individual numbers. 
Alpine Pre-alpine Small Mid-sized Lowland streams Lowland streams 
streams streams mountain mountain with organic with inorganic 
streams s t reams substrates substrates 
Stream types 1 2-4 5-7 9-9.2 11-12 14-19 
Composition/abundance metrics 
EPT [%] (abd) 
Crustacea [%] (ind) x 
Plecoptera [%] (ind) 
Richness/diversity metrics 
# Plecoptera taxa 
# Trichoptera taxa x 
# EPT taxa x 
Margalef Index x 
Shannon-Wiener-Index x 
Sensitivity/tolerance metrics 
German Fauna Index type 5 x 
German Fauna Index type 9 
German Fauna Index type 11 
German Fauna Index type 14 
German Fauna Index type 15 
Benthosindex Rhith. & Pot. 
Rhithron-Typie-lndex 
Oligosaprobic taxa [%] (abd) 
Xenosaprobic taxa [%] (ind) x 
Xenosaprobic taxa [%] (abd) 
Functional metrics 
Epirhithral [%] (ind) x 
aetarhithral [%] (ind) 
Littoral [%] (ind) 
Rheophilic [%] (abd) 
Rheoindex (ind) 
Rheoindex (abd) 
Akal [%] (ind) 
Lithal (abd) x 
POM [%] (ind) 
Stone dwelling taxa "AHT 1" 
Grazers and scrapers [%] (ind) 
Shredders [%] (ind) 
Gatherers/Collect. [%] (ind) x 
RETI (ind) 
X 
X X 
X X X 
X X X X 
X X 
X X 
X X 
X 
X X 
X X 
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al. 2004; HERING etal. 2004a) and the experience gained 
there, 79 candidate metrics were chosen and computed 
using either the AQEM Software (HERIN6 et al. 2004b) 
or the database ASSESS (RAWER-JOST et al. 2004a). 
Metrics were calculated based on species presence, 
abundance classes and individual numbers. For this pur- 
pose, individual numbers were converted into abun- 
dance classes and vice versa using the classes defined by 
ALF et al. (1992) and their centre values (class 1 = 1; 
class 2 = 2-20, centre 10; class 3 = 21-40, centre 30; 
class 4 = 41-80, centre 60; class 5 = 81-160, centre 80; 
class 6 = 161-320, centre 160; class 7 = >320, centre not 
applicable, set to 320). 
HERING et al. (2004b) then selected the potential core 
metrics listed in Table 1, which formed the basis for this 
study. Since they considered spring for small streams 
(< 100 km 2 catchment) and summer for larger streams as 
the best sampling season for future monitoring, they re- 
stricted the database to such a subset and then selected 
the metrics according to their type-specific correlations 
with the impact variables. 
3.4 MMI computation and testing 
of MMI alternatives 
• Metric scoring and multimetric index computation 
Metrics can not directly be used to calculate a multimet- 
ric index, since they may differ in the ranges of their 
possible values as well as their meaning of the values re- 
lation to human impact. By scoring in relation to expect- 
ed reference values the metrics are normalised to the 
same range of possible values and at the same time eval- 
uated in relation to human impact. Originally, scoring 
was performed by assigning a score of 5 for values close 
to the reference situation, ascore of 3 for an intermediate 
deviation from the expected value and a score of 1 for 
high deviations, respectively (KARR & CHU 1999). 
When comparing scoring methods for a multimetric 
index, BLOCKSOM (2003) found that a scoring method 
using continuous scaling worked better than such a point 
scaling. We applied a continuous and type specific per- 
centage score to the metrics, thus normalising their val- 
ues from 1 (= 100%) representing the reference condi- 
Table 2. Type specific values used for percentage scoring and normalisation of metrics. Examples for a weakly (Shannon-Wiener-Index) and a 
strongly (number of EPT-taxa) stream type dependent metric. 
Ecoregion and stream type Shannon-Wiener-Index Number of EPT-taxa 
Reference bad status Reference bad status 
Ecoregion Alps (4) 
1: Alpine streams 
Ecoregions Central Highlands (9) and Western Mountains (8) 
2: Streams in the alpine foothills 
3: Streams in the pleistocene sediments of the alpine foothills 
5: Small siliceous low mountain range cobble-bottom streams 
5.1: Small siliceous low mountain range sandstone streams 
6: Small calcareous low mountain range loam/and-bottom streams 
(dominated by fine sediments) 
7: Small calcareous low mountain range cobble-bottom streams 
9: Mid-sized siliceous low mountain range cobble/boulder bottom streams 
9.1: Mid-sized calcareous low mountain range streams (different substrates) 
9.2: Large low mountain range cobble/boulder bottom streams 
Ecoregion Central Lowlands (14) 
11: Small streams with organic substrates 
12: Mid-sized streams with organic substrates 
14: Small sand-bottom lowland streams 
15: Mid-sized to large sand-bottom lowland streams 
16: Small gravel-bottom lowland streams 
17: Mid-sized to large gravel-bottom lowland streams 
18: Small oess streams 
Ecoregion independent stream types 
19: Small streams in floodplains 
3.2 2.0 17 8 
3.5 1.5 27 4 
3.5 1.8 30 8 
3.4 1.8 25 8 
3.1 1.5 18 5 
3.1 1.0 19 7 
2.8 1.2 18 4 
3.7 1.8 16 3 
3.2 1.2 18 8 
3.1 1.5 10 6 
3.0 1.0 15 4 
3.5 1.0 15 4 
3.2 1.5 14 8 
3.5 1.0 20 11 
15 4 
3.5 1.0 28 12 
3.2 1.5 12 4 
3.5 1.0 12 1 
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tion to 0 (= 0%) representing bad status within each river 
type (BOHMER et al. 2004): 
scored value for test site - threshold value for bad status 
metric threshold value threshold value 
for reference condition for bad status 
Values > 1 were set as 1 and values < 0 were set as 0. 
This formula works for metrics decreasing with in- 
creasing impairment as well as for increasing metrics. 
The stream type-specific threshold values for refer- 
ence and bad status were derived from the dataset on the 
basis of three parameters: (1) median values for sites 
representing undisturbed and bad status, respectively (2) 
5th and 95th percentiles of all values following B~OCK- 
SON (2003) and (3) linear regression lines between 
degradation measured by the above specified abiotic 
data and the metric results. Preferably median values for 
reference and bad status were used, if there were suffi- 
cient data for the reference condition and the bad status 
(> 15 samples and >5 sites for each status class). But if 
data were scarce for those conditions or if the results dif- 
fered very much for the three impact variables, expert 
judgement was used for combining all values into a best 
estimate. 
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The multimetric index (MMI) was calculated as the 
arithmetic mean of the normalised metrics. No MMI 
value was calculated if one or more of the metrics had no 
value (e.g. caused by division by zero in composite met- 
rics). 
• F ina l  metr i c  select ion 
For each stream type, the performances of 5 to 21 alter- 
native multimetric indices (MMIs) were tested. They 
were composed of those metrics selected as candidate 
metrics by HE~r~ et al. (2004b). The alternatives were 
developed for each stream type according to the follow- 
ing principles: 
a) at least one metric of each of the metric groups 
"composition/abundance", "richness/diversity", "sensi- 
tivity/tolerance" and "functional" should be included, b) 
redundant metrics (pairwise Spearman's R > 0.8) should 
be excluded and c) only one functional metric of a guild 
(e.g. feeding type) should be part of the multimetric 
index. 
To test the performance of the alternative multimetric 
indices, they were correlated with the impact variables 
(land use index and morphology index) using Spearman 
rank correlation. Similar to the selection of candidate 
metrics only spring data for small streams (< 100 km ~ 
Table 3. Performance test for the multimetric index variants using Spearman rank correlations with the land use index and the morphology 
index (spring samples; example for stream type 5 = small siliceous low mountain range cobble-bottom streams). 
Variant 
n0. 
0 
"~" oJ ~ ~- ~ -'6 
" - -  - -  ~D - - -  - -  ¢~ E 
- -  = ~ m m . . . .  .2 ~ ~o 
.- ~_ = .- .~%- _~ ~ -~ ~ ._= 
e ~ ~ ~ ~ ~ o W ~ -~ = × ~ "~ II II 
o o~- ~ ~ _ ~ -~ e 
_ . -  ~ ~ ._~_~ ~ m .~- _~ = o 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
x x x x x x x x x x x -0,58 -0.31 
x x x x x x x x x x -0.63 -0.31 
x x x x x x x x x -0.64 -0.33 
x x x x x x x x x -0.64 -0,33 
x x x x x x x x -0.65 -0.36 
x x x x x x x -0.65 -0.34 
x x x x x x x -0.61 -0.31 
x x x x x x x x -0.59 -0.34 
x x x x x -0.63 -0.30 
x x x x x x -0.62 -0.34 
x x x x x x x -0.63 -0.32 
x x x x x x x x x -0.61 -0.33 
x x x x x x x x -0.60 -0.35 
x x x x x x x -0.66 -0.34 
x x x x x x -0.64 -0.30 
x x x x x -0.66 -0,39 
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catchment) and summer data for larger streams were 
used for this step. 
For the finally resulting assessment system we select- 
ed those metric ombinations with (1) a good correlation 
to both land use index and morphology index, (2) those 
best reflecting the EU criteria (richness, sensitive taxa, 
taxonomic composition), and (3) we strived for compa- 
rability between metric combinations of similar stream 
types. For a few stream types with strongly contradicting 
results for the two impact variables we additionally con- 
sidered the correlation with the degradation class de- 
rived from expert judgement. 
• Multimetric Index (MMI) status classes 
For the multimetric ndex (MMI) the index values were 
assigned to status classes according to BOHMER et al. 
(2004). This classification was based on scatterplots be- 
tween human impact preclassification a d the MMI. 
Since a linear relationship and equal class sizes were 
found, the following classes and class boundaries result- 
ed: 
high (1) >= 0.8 > good (2) >= 0.6 > moderate (3) >= 0.4 
> poor (4) >= 0.2 > bad (5). 
3.5 Analysis of MMI: 
Comparison with other assessment methods and 
Renkonen's similarity index 
The developed multimetric indices for the individual 
stream types were finally compared to the assessment 
systems IBI 12 (B6HMER et al. 2004) and AQEM Ger- 
many (LORENZ et al. 2004a) by analysing their correla- 
tions to impact variables and to the saprobic index. An 
additional comparison with Renkonen's similarity 
index, which expressed the similarity between the taxo- 
nomic composition of a sample and the reference sam- 
ples of the respective type, aimed to help understanding, 
how the assessment systems responded toimpairment. 
Table 4. Stream type specific composition of final MMI. 
Explanations: + = metric increasing with increasing impairment; - = metric decreasing with increasing impairment; L = large; catchment area 
1000-10 000 km 2. 
Metrics Stream type 
1 2,3 4 5,6,7 5.1 9,9.1,9.2 11 12 14,18 15,17 15L 16 19 
Crustacea [%] (ind.) 
Lithal (abd) 
Gatherers/Collect. [%] (ind) 
xenosaprobic taxa [%] (ind) 
xenosaprobic taxa [%] (abd) 
Epirhithral [%] (ind) 
German Fauna Index type 5 
oligosaprobic taxa [%] (abd) 
Plecoptera [%] (ind.) 
Rhithron-Typie-lndex 
Stone dwelling taxa "AHT 1" 
Rheoindex (abd) 
Rheoindex (ind) 
Shannon-Wiener-Index 
German Fauna Index type 9 
Metarhithral [%] (ind) 
Pelal [%] (ind) 
EPT [%] (abd) 
German Fauna Index type 11 
German Fauna Index type 14 
rheophilic [%] (abd) 
Shredders [%] (ind) 
German Fauna Index type 15 
Trichoptera [%] (ind.) 
# Plecoptera 
Potamon-Typie-lndex 
Hyporhithral [%] (ind) 
+ 
+ 
rt~ "x2 
t.9 
+ 
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The German AQEM index was computed with the 
AQEM software (HERING et al. 2004a), IBI 12 and 
Renkonen's similarity index with the ASSESS database 
(RAWER-JOST et al. 2004a). 
Comparisons were only performed with those sam- 
ples, to which all indices were applicable. 
4. Results 
4.1 Metric values for scoring 
Metric values for reference and bad status often differed 
significantly between stream types. Examples for a 
weakly type dependent metric (Shannon-Wiener-Index) 
and strongly type dependent metric (number of EPT- 
taxa) are given in Table 2. Stream type dependent differ- 
ences were often most distinct between the ecoregion 
"Central Lowlands" (ecoregion 14 according to ILLIES 
1978) and the mountainous regions ("Central High- 
lands" = ecoregion 9 and "Western Mountains" = ecore- 
gion 8) but in some cases variation between the types 
within an ecoregion was also large. For the Shannon- 
Wiener-Index, e.g. reference values only ranged be- 
tween 2.8 and 3.7 in the mountainous regions, while the 
metric "number of EPT-taxa" ranged from 10 to 30. 
4.2 Final metric selection 
The performance of the alternative multimetric indices 
was tested by correlation analysis with the impact vari- 
ables "land use index" and "morphology index". Within 
a stream type Spearman's correlation coefficients varied 
between impact variables and multimetric index ver- 
sions (Table 3). Land use index usually correlated 
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strongest with a different metric-combination than the 
morphology index. 
The resulting multimetric indices were very similar 
for stream types 2 to 7 (streams of alpine foothills and 
small streams in ecoregions 8 and 9), for types 9, 9.1 and 
9.2 (mid-sized and large streams of lower mountain 
areas in ecoregions 8 and 9), and for stream types 11 to 
19 (streams of ecoregion 14 and small floodplain 
streams), respectively. The final multimetric index for 
the alpine streams trongly differed from those for the 
other stream types (Table 4). 
Most metrics within the final multimetric index de- 
creased in value with increasing impairment (Table 4). 
The Shannon-Wiener-Index was suitable for almost all 
types. Epirhithral [%] performed well in small highland 
streams, Metarhithral [%] in large highland streams and 
Hyporhithral [%] in large lowland streams. 
In highland stream types, those metrics were best 
suited for the MMI, which had high values for the refer- 
ence conditions, e.g. individuals of Plecoptera [%] or the 
Rheoindex. An exception to this was Crustacea [%] and 
gatherers/collectors [%], which also performed well in 
highland stream types. 
4.3 General performance of the MMI 
across all stream types 
The newly developed type specific MMI separates the 
predefined impact classes. Predifined expert judgement 
classes for general impact are better differentiated than 
the predefined classes for morphology degradation and 
land use (Fig. 1). The differentiation between the 5 pre- 
defined impact classes is more or less equal over the gra- 
dient of impairment except for the differentiation be- 
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0.2 0 
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N = 178 213 191 132 49 N = 863 865 881 534 200 N = 292 712 1017 753 560 
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Stream morphology Land use General impact expert judgement 
Predefined impairment class 
Fig. 1. Box-Whisker plots of the new type specific multimetric index (MMI; metric composition dependent of stream type) in relation to the 
predefined impairment classes of the morphological degradation, land use and expert judgement of general degradation; all data of all stream 
types included; N = number of samples; o = outliers. 
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Fig. 2. Box-Whisker plots of the new multimetric index (MMI) for 
different types of impairment in comparison to samples from little or 
unimpaired sites (preclassified as "high" or "good"); all stream types 
included; "other" = other main impacts with low number of samples; 
"unknown" = main impact unknown or many impacts equally signif- 
icant; N = number of samples; o = outliers. 
tween class 3 (moderate) and 4 (poor) for stream mor- 
phology and class 2 (good) and class 3 (moderate), 
which is somewhat poorer. 
Similar results were found for each stream type sepa- 
rately, but often the classes 1 and 5 were represented by 
a few or even no samples, so that no clear picture ap- 
peared. 
4.4 Sensitivity for different impacts 
For most of the sampling sites the main impact was 
known. For all types of impacts (except acidity), the 
MMI clearly separated impaired status (preclassified as 
moderate or worse) from little/unimpaired status (pre- 
classified as high or good) (Fig. 2). Impoundments and 
sewage caused the greatest deviation of metric results 
from those of little impacted conditions, while morpho- 
logical impacts and fish hatcheries gave the smallest de- 
viations. Correlation coefficients for the impacts ranged 
from r = -0.67 to r = -0.84 for all stressors except acidi- 
ty (r = .0.35) (Fig. 3). 
4.5 Seasonal influence 
The correlation of season with the impact variables was 
calculated, to identify if the MMI works well in all sea- 
sons .  
As Fig. 4a reveals, the MMI scores are lower in sum- 
mer and fall than in the other seasons for both 
little/unimpaired and impaired status. The quality of sep- 
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other 
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0 
Fig. 3. Spearman's rank 
correlation coefficients for 
the correlation between 
the new multimetric index 
(MMI) and general impair- 
ment for different domi- 
nating stressors; all stream 
types included; N = 110 to 
1188; all correlations are 
highly significant (p < 
o.ool). 
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aration between little/unimpaired and impaired status is 
similar in spring, summer and autumn. In winter differ- 
entiation is weaker, but for this season only few refer- 
ence data were available. 
The performance of the MMI in relation to season dif- 
fered between small and larger streams (Fig. 4 b and c). 
It separated best between reference and impaired status 
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in summer for small streams (catchment area < 100 
kin2), but in spring for larger streams (catchment area >= 
100 kmZ). 
These results were independent from the impact vari- 
able used for the differentiation f reference and impact- 
ed status (land use, stream morphology or general im- 
pairment). 
m 
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Fig. 4. Box-Whisker plots for the performance of the new multimetric index (MMI) in different seasons; all stream types included; (a) all data, 
(b) streams < 100 km 2 catchment size, (c) streams >= 1 O0 km 2 catchment size; N = number of samples; o = outliers. 
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Fig. 5. Spearman's rank correlation coefficients for the relation between the three human impact variables used and the newly developed 
multimetric index (MMI), related to stream catchment size and season; all stream types included; (a) streams < 100 km 2 catchment size, (b) 
streams >= 100 km 2 catchment size. 
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4.6 Use of various impact information 
We analysed ifferent impact variables to answer two 
questions: 1. Which impact factors can be detected by 
the MMI? 2. Which impact variables are suitable for 
index development? 
The MMI performance was dependent on the three 
types of impact variables analysed (Fig. 5). For small 
streams (catchment area < 100 km 2) the MMI correlated 
best with land use in spring and autumn, while in summer 
correlation coefficients with land use were much lower 
than with the morphology index and general impairment. 
The correlation for the morphology index and general im- 
pairment ranged between -0.4 and -0.5 except for gener- 
al impairment in spring, when correlation was weaker. 
In mid-sized and larger streams (catchments >100 
km2), general impairment (R values < -0.7) correlated 
much better than both morphology (R values about -0.4) 
and land use (R values ~ .0.3). Spearman's R for land 
use in autumn was only -0.04. 
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Fig. 6. Spearman's rank correlation coef- 
ficients for the relation between the three 
human impact variables used and the 
newly developed MMI in dependence of 
stream catchment size; all stream types in- 
cluded. 
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Fig. 7. Spearman's rank correlation coef- 
ficients between the new MMI and impact 
variables for the two sampling methods; 
all stream types included; all correlations 
are significant on a p-level < 0.001, ex- 
cept the R-value below 0.2. 
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Further analysis of the correlation between MMI re- 
sults and impact factors with respect o catchment size 
gave stable results for general impairment, a decreasing 
strength of correlation for land use for streams larger 
than 10000 km 2 and fluctuating values for morphology 
(Fig. 6). The value for morphology for catchments be- 
tween 2000 and 10000 km 2 is doubtful, since only 40 
samples from few rivers were available. 
4.7 Comparison of sampling methods 
Correlation between impact variables and MMI varied 
in dependence of the sampling method (Fig. 7). Quanti- 
tative sampling (Surber method) worked well for gener- 
al impairment and especially land use but not for mor- 
phological degradation. Semiquantitative sampling 
worked well for all impacts. 
4.8 Comparison with other indices 
The comparative performance and behaviour of the 
newly developed MMI, the German AQEM index, IBI 
12 and Renkonen' similarity index was revealed by cor- 
relation analyses to impact variables and to the saprobic 
index (Table 5). Correlation coefficients differed in de- 
pendence of the impact variables used. They were al- 
most identical for the MMI and the German AQEM 
index, except hat MMI correlated slightly better with 
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land use. IBI 12 had the strongest correlation observed 
(R = -0.77) with general impairment, while its correla- 
tion with morphology was slightly weaker than that of 
MMI or German AQEM index. Renkonen similarity 
correlated weakly with hydromorphological degrada- 
tion, somewhat better with land use and strongly with 
general impairment. Correlation with saprobic index 
was strongest for MMI and German AQEM index, 
somewhat lower for IBI 12 and weak for Renkonen sim- 
ilarity. 
If stressors are analysed individually, the general re- 
action of the different Multimetric Indices is similar for 
most of them, but some differences do appear (Fig. 3). 
Sewage and impoundments are best detected by all types 
of Multimetric Indices, while acidity is only indicated 
through the IBI 22. 
4.9 Comparison of status classification 
of the saprobic index and the MMI 
Since the final assessment class of the new German as- 
sessment system depends on the "worst case" scenario 
of the results of the saprobic index and the MMI in most 
cases (acidification occurs only in two stream types), a 
comparison was performed to analyse the influence of 
both components (Table 6). The MMI and saprobic 
index scored identical in 26% of all cases. MMI scored a 
better status class in 4% and a worse class in 70% of all 
Table 5. Correlation of the MMI and other indices with the impact variables. 
N = 137. Only those cases were considered, for which all variables are known and the sampling season was in accordance with the require- 
ments for the MMI (spring for stream types < 100 km 2 catchment area, summer for others). All correlations are highly significant with p 0.001 
except for the value marked by * with p < 0.05. 
Multimetric index Morphology Land use General impact Saprobic index 
MMI -0.55 -0.57 -0.45 -0.67 
AQEM -0.56 -0.50 -0.46 -0.67 
IB112 -0.47 -0.50 -0.77 -0.56 
Renkonen -0.17" -0.34 -0.69 -0.28 
Table 6. Comparison of status classification of the saprobic index and the MMI. 
The number of cases is given in the table. 
MI class Saprobic index status class % of all 
1 2 3 4 5 
identical 151 933 185 11 9 26 
better status class 0 137 44 1 1 4 
worse status class 395 2195 874 60 0 70 
Sum 546 3265 1103 72 10 100 
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cases. Only for two cases of saprobic index classes 4 and 
5 the MMI class was better. The largest percentage of
identical scores was within the classes 1 and 2. The MMI 
scored worse in the majority of cases at saprobic lass 2 
and better in <5% of the cases at saprobic lass 3. 
Thus, the final assessment class is almost completely 
determined by the MMI - also at the boundary between 
classes 2 (good status) and 3 (moderate status). 
5. Discussion 
5.1 Response to various human impacts 
The MMI correlated well with the impact variables used 
for calibration (land use and morphological degradation) 
and best separated the predefined impact classe 2 (good) 
and 3 (moderate). Therefore, it is well suited for the 
needs of the WFD. It correlated almost as well with the 
expert judgement variable for general impairment that 
was not used for metric selection and the tests of MMI 
alternatives, except for a few types. This may be seen as 
a first validation, but the MMI still needs to be tested 
with an independent set of samples. 
The deviation of MMI values from the reference val- 
ues varied for different types of impacts. However, this 
variation cannot be interpreted asimpact specific sensi- 
tivity of the MMI, because the severity of each type of 
impact at the sites was not always known and the pres- 
ence and interaction ofother impacts is not known for all 
sites. Concerning acidity the situation was different. In 
most cases, acidified streams were not affected by other 
impacts. 
The data are largely representative forthe situation of 
German streams. This led to the conclusion that the ob- 
served eviation of the MMI for the different impacts re- 
flects the relative importance of the individual impact 
types on German streams as well as the sensitivity of the 
index towards these most important impact ypes. 
How precisely the MMI responds to a certain impact 
became apparent when we correlated the degree of im- 
pact with MMI value. According to Spearman's R the 
new MMI responds well to all impacts except acidity. It 
responded best to sewage, impoundments and agricul- 
ture, and quite well to residual flow, fish hatcheries, 
morphological impairment and other impacts. 
5.2 Seasonal variation 
For both reference and impaired sites the MMI scored 
lower in summer and fall than in spring, but this did not 
limit its differentiating performance. The data base for 
winter was insufficient for clear results. Consequently 
the MMI may be used in spring, summer and fall, but 
final class boundaries for the ecological status class have 
to be set according to season. Thus, if a MMI developed 
with spring data is applied to a taxa list from a summer 
sample (or vice versa), different class boundaries are 
needed for either the individual metrics or for the multi- 
metric index. Metric selection was generally performed 
with spring data for small streams and summer data for 
mid-sized rivers, since small streams are most species 
rich in spring and larger streams in summer. In addition, 
larger streams are easiest o sample in summer, when 
water levels are generally low. However, the MMI 
proved its general applicability in different seasons and 
worked best in summer for small streams and in spring 
for larger streams,. This is just opposite to the perfor- 
mance of the IBI 12 (B(3HMER et al. 2004; best in spring 
for small streams and in summer for larger streams). 
This leads to the conclusion that there is no general ex- 
planation for seasonal differences in the performance of
multimetric ndices. Explanations may only be given if 
each metric is analysed separately inmore detail with re- 
gard to seasonal variations of species richness and abiot- 
ic factors like flow conditions, temperature, type of im- 
pairment etc. For example, the effects of saprobic pollu- 
tion and hence the saprobic index may be more pro- 
nounced when temperatures are high and water levels as 
well as oxygen concentrations are low. 
5.3 Dependence of MMI performance 
on sampling methods 
The performance of the MMI is dependent on the sam- 
pling method in relation to the observed impact variable. 
Quantitative Surber sampling, applicable only on sand 
to gravel substrates, failed to detect morphological im- 
pairment, while the multihabitat-based methods were 
able to do so. Obviously "oligohabitat sampling" is not 
able to reveal the loss of microhabitat diversity follow- 
ing morphological degradation. Contrary, quantitative 
Surber sampling performed best at detecting larger scale 
effects of degradation (water transported substances and 
fine sediments), which are caused by land use and gener- 
al impairment. Obviously these morphology indepen- 
dent impairments become more evident, if small-scale 
morphological heterogeneity is excluded from a sam- 
pling procedure. 
The different results for the individual sampling 
methods upport he need for a standardised sampling 
procedure (HAASE et al. 2004a and b). Multihabitat sam- 
pling, even if not quantitative, seems to be most suited 
for stream assessment, since it reflects hydromorpholog- 
ical degradation, one of the main impairments in Central 
Europe. 
Further standardisation f the DIN method led to the 
AQEM sampling method (AQEM consortium 2002). To 
date there are not enough comparable samples taken 
with this method in our database toprove a better perfor- 
mance. HAASE et al. (2004a) proposed a modified 
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AQEM method (MAS method) for future WFD moni- 
toring in Germany. This method is based on multihabitat 
sampling as the DIN method, but uses a standardised 
sampling area of 1.25 m 2 and the organisms are counted 
in the laboratory, while DIN sampling does not specify a 
certain area, and numbers of organisms are estimated in
the field. Therefore, a higher level of precision is to be 
expected. For field sorting HAASE et al. (2004b) demon- 
strated a loss of taxa number and an increase in variation 
of individual numbers in comparison to laboratory sort- 
ing. Current tests of the modified AQEM method will 
lead to a decision, if it will be the future standard for 
WFD monitoring in Germany. 
5.4 Comparison of the MMI to previously 
developed multimetric indices for Germany 
with regard to impact responsiveness 
Correlation of the individual impact variables with the 
Multimetric Indices and the Renkonen similarity (as 
measure for the taxonomic deviation from the reference 
community) revealed clear differences: 
With regard to the three impact variables land use, 
morphology and general impact the strongest correla- 
tions for each multimetric index occurred with the im- 
pact variables they were developed for: 
MMI correlates best with morphology and land use, 
the German AQEM index best with hydromorphology 
and IBI 12 best with general impairment. 
Although each impact variable does not represent a
unique type of impact, these findings allow conclusions 
on which impacts are predominantly reflected by the 
multimetric indices. Land use mainly represents large 
scale watershed impairments, which are transported by 
the streams (e.g. chemical substances and sediments). 
The morphological index mainly reflects morphological 
degradation at the stream reach level. Expert judgement 
of general impairment is supposed to cover all aspects 
on all scales. Consequently MMI and German AQEM 
index mainly reflect watershed impairments and local 
morphological degradations, while IBI 12 more equally 
responds to all types of impairment. 
The responsiveness of multimetric indices obviously 
varies in dependence of the type of impairment. This as- 
pect is rarely analysed in assessment studies. OFENBOCK 
et al. (2004) analysed the response of four multimetric 
indices to several stressors and concluded that those in- 
dices can form the basis for a stressor specific assess- 
ment of stream condition. However, multimetric indices 
may not be seen as stressor specific. Specific metrics 
seem to be the better choice for stressor specific assess- 
ment. YUAN (2004) demonstrated that linear models 
using stressor specific tolerance classifications for the 
taxa have some capacity in distinguishing between dif- 
ferent impacts. 
The MMI was developed for all impairments except 
organic pollution (exclusion of pure saprobic metrics 
and data for heavy organic pollution from the calibration 
data; also see metrics election by HEPdNG et al. 2004b) 
and the German AQEM index for morphological degra- 
dation (based on morphologically degraded sites with- 
out other impacts; see LORENZ et al. 2004a). Hence, it 
was unexpected that MMI and German AQEM index 
correlated even stronger with the type specific saprobic 
index, a biological measure supposed to reflect mainly 
organic pollution, than with the other impact variables. 
Obviously both multimetric indices well respond to or- 
ganic pollution. For the MMI the comparison of the sta- 
res classifications of the MMI and the saprobic index 
supports this view (Table 6). Three more reasons may be 
given for strong correlation between the multimetric in- 
dices and the saprobic index: 
First, the saprobic index is probably not only specific 
for organic pollution, but may respond to many different 
types of stressors as also supported by the results of 
BO~MER et al. (1999, 2004). Second, most of the indica- 
tor organisms for a low level of organic pollution are 
also sensitive to other impairments, as can be seen in the 
indicator lists for the German Fauna index, which is the 
major part of the German AQEM index (LORENZ et al. 
2004a). In contrast to this, taxa sensitive to acidity are 
very tolerant to organic pollution and vice versa. Conse- 
quently, the MMI and the German AQEM index do not 
detect acidity. Third, organic pollution is highly correlat- 
ed with the occurrence and degree of the other impacts 
except acidity. 
However, IBI 12 and especially Renkonen similarity 
correlated less strongly with the saprobic index than the 
newly developed MMI and the German AQEM index, 
though the saprobic index is one of the twelve metrics 
within the IBI 12. Instead, the correlation with general 
impairment is strong. 
The Renkonen similarity index, which compares the 
similarity of a community in terms of dominance of the 
taxa between reference sites and assessed sites, showed 
only weak correlation with land use, the saprobic index 
and especially hydromorphology. This led to the conclu- 
sion that those impacts mainly cause changes in terms of 
loss of sensitive indicator taxa, while general impact is 
more likely to cause changes in the entire community 
structure. This is in accordance with the following theo- 
retical reasoning, especially for morphological degrada- 
tion: unless the impact of the stressor is very strong, it 
does not strongly affect he abundant taxa inhabiting the 
dominant microhabitats, but may severely affect sensi- 
tive taxa requiring special microhabitats lost by morpho- 
logical changes. A less obvious relationship can be 
found for land use and saprobic index, where sensitive 
taxa might be heavily affected before most other taxa 
change in dominance. Strong degradation leads to se- 
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vere changes in dominance structure, which will then 
cause strong changes of the Renkonen i dex and IBI 12. 
However, such cases were scarce within the database 
analysed. 
The stronger correlation of the German AQEM index 
and the newly developed MMI with saprobic index, 
morphology and land use as compared to general degra- 
dation as well as the opposite reactions of the MMI and 
the Renkonen index further led to the conclusion that 
MMI and German AQEM index point out the effects of 
stressors on sensitive indicator taxa, while IBI 12 addi- 
tionally strongly reflects more general changes in com- 
munity structure, like the Renkonen similarity index. 
Since acidity severely affects aquatic ommunities, it is 
detected by IBI 12 and the Renkonen similarity. 
5.5 Differences and suitability of the impact 
variables for multimetric index development 
Judging by correlation coefficients the saprobic index 
best reflected the variance of the multimetric indices. 
This might lead to the conclusion that he saprobic index 
best reflects the impairments relevant for macrozooben- 
thos communities. However, the saprobic index already 
is a biological metric. Therefore, it cannot be used for 
the development of a biotic index, since this would 
cause a circular conclusion (concluding from a commu- 
nity measure on another community measure) and 
would only lead to a multimetric version of the saprobic 
index. 
Concerning the abiotic impact variables, a multimet- 
ric index best correlated with the variable(s) used for its 
development. Consequently, a multimetric ndex best re- 
sponds to the types of impairment, reflected by the im- 
pact variable used. 
The strongest correlation was observed for between 
IBI 12 and expert judgement. 
The information, which most frequently went into the 
degradation classification according to expert judge- 
ment, was: 
a) Local problems with stream morphology: this is 
about the same information entering the morphology 
index, b) Local point sources, e.g. landfills or effluents 
from sewage treatment plants or sewage overflows caus- 
ing pollution and hydraulic stress: only partly covered 
by the other impact variables, e.g. sewage overflows 
occur more frequently in highly urbanised areas, c) 
Local problems with land use, e.g. cattle entering small 
streams or intensive agriculture without buffer-strip: not 
covered by the other variables, d) General arge-scale 
impairments, e.g. frequent impoundments in the catch- 
ment area or intensive agriculture: mostly covered by 
land use classification, except large-scale morphology, 
which is not well represented by land use. e) Saprobic 
index (sites classified as references by all other informa- 
tion were classified as degraded, if the saprobic index 
was high): partly covered by land use. 
Expert judgement was found to be a most useful im- 
pact variable in larger streams, but also works well at a 
higher resolution scale for very small streams of 
< 10 km 2 catchment area (BOHMER et al. 2001), which 
are not covered in this study. 
In conclusion, the main difference between general 
impairment classified by expert judgement and the other 
impact classification types is the consideration f small- 
scale point sources, land use problems and large-scale 
morphological degradation. However, two major disad- 
vantages are encountered: it is subjective, based on het- 
erogeneous information, and hence imprecise. 
Land use was found to correlate l ss well with metrics 
and multimetric indices with increasing size of catch- 
ment and was found to be useless in streams > 10000 km 2 
catchment area. This is probably due to the decreasing 
variance of land use parameters with increasing catch- 
ment size in German streams: large streams had very 
similar proportions of land Use types. 
Due to paucity of data stream morphology had fluctu- 
ating correlation coefficients with stream size and 
lacked values for catchments >1000 km 2 catchment 
area. 
All land use and stream morphological parameters are 
recommended for the development of biotic indices if 
information is available for both small and mid-sized 
streams. Expert judgement can be recommended if suffi- 
cient information is absent or if a lot of heterogeneous 
information on impairments i  available. It is also rec- 
ommended for larger streams. 
5.6 Final assessment system 
Only in a small percentage of cases impairments re- 
vealed by the saprobic index are not detected by the 
MMI, and the outcome of the final assessment class is 
almost entirely determined by the MMI. This may re- 
flect the situation in Germany, where organic pollution 
is no longer the main problem and other problems like 
morphological degradation eed to be addressed 
(LORZNZ et al. 2004a). This is especially important at the 
boundary between status classes 2 (good) and 3 (moder- 
ate), which determines, if restoration actions have to be 
carried out (European Commission 2000). 
This result is highly dependent on the definition of 
class boundaries applied for the MMI. However, Fig. 4 
shows that the class boundary between the abiotic pre- 
classification classes 2 (good) and 3 (moderate) is 
around an MMI value of 0.6. This value also delimits the 
boundary between the biological assessment classes 
"good" and "moderate". This accordance between pre- 
classification and MMI assessment and the assumption 
that an equal distribution of impact classes over the 
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range of a multimetric index is best (see IBI studies, e.g. 
KARR 1981, BARBOUR et al. 1996 and 1999), supports 
the appropriateness of the class boundaries as defined 
within this study. The results additionally suggest hat 
the calibration values for the percentage scoring of the 
metrics are appropriate, since these formed the basis for 
the calculation of the class boundaries. 
5.7 Conclusions 
Though the new assessment system is based on a large 
number of data, a validation with new data is necessary 
to overcome the heterogeneity of the data used for 
method development. The validation data should be 
sampled with the uniform method that will be applied by 
state water management in future (HAASE et al. 2004a). 
This validation phase has already started and will allow 
fine-tuning before class boundaries and metric scoring 
are finally fixed. 
The assessment system is applicable through the year, 
but its use should be limited to spring for streams with 
small catchments and to summer for streams with larger 
catchments as long as class boundaries have not been ad- 
justed for the other seasons. 
The newly developed multimetric index (MMI) as 
major part of the assessment system responds to a wide 
variety of human impacts tested except acidification. An 
acidification module is, however, incorporated in the 
complete assessment system. The MMI responds well to 
the three impact variables (land use, morphology and ex- 
pert judgement of general impairment) ested here. The 
previously developed multimetric German AQEM index 
correlated less well with land use and covers only 5 
stream types. The multimetric IBI 12 correlated less well 
with land use and morphology, but much better with gen- 
eral impairment. The MMI is recommended for further 
use, since it stresses morphological degradation, a
widespread problem in Germany and is more easily 
adapted to stream type specific problems than the IBI 12. 
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